OBJECTIVES: Atrial fibrillation is the most common cardiac arrhythmia and is associated with significant morbidity and mortality. The classic cut-and-sew maze procedure is successful in 85-95% of patients. However, the technical complexity has prompted modifications of the maze procedure. The objective of this study was to retrospectively evaluate the clinical safety and efficacy of the maze treatment performed at our institution. 
INTRODUCTION
Atrial fibrillation (AF) is the most common cardiac arrhythmia. AF has a prevalence of 0.1-2.3% in people older than 40 years, 5.9% in those older than 65 years and 10.5% in those aged 85 and above [1] . With the ageing of the general population, AF represents a growing health problem.
AF is associated with increased mortality and morbidity, and the irregular heartbeat sometimes causes patient discomfort and anxiety [2] . Approximately 16% of all thrombo-embolic strokes are associated with AF [3] . Stroke remains the most catastrophic consequence of AF.
The cut-and-sew maze procedure is able to cure AF in 85-95% of patients [4, 5] . However, the technical complexity of the classic maze has prompted modifications of the procedure. A variety of patterns and devices with different energy sources have been introduced to perform a maze-like procedure more rapidly and safely [5] . However, the safety and efficacy of the different maze procedures vary between studies [6, 7] .
The objective of this study was to evaluate our single-centre experience with the clinical application of modified maze procedures. In particular, the data analysed in this article address issues related to the probability and the predictors of the recurrence of AF, as well as the factors related to early survival following the maze procedure. Furthermore, the quality of life following the maze procedure was measured, and a statistical comparison was made with the Dutch population.
related to acquired heart disease in the Department of Cardiothoracic Surgery of Erasmus MC, Rotterdam. The patients were invited to participate in the study after providing written informed consent. Some patients did not respond to the quality-of-life questionnaire and some did not consent to the collection of follow-up data. Therefore, the safety analysis is based on 169 patients and the efficacy analysis on 162 patients. Ninety-nine patients participated in the quality-of-life assessment and consented to the registration of their data and its use in this publication.
The Medical Ethical Committee of the Erasmus MC approved this study (MEC 2009-231) . The study was conducted in accordance with the criteria of Good Clinical Practice (Declaration of Helsinki, 2004; www.ICH.org).
Data collection
Retrospectively, we obtained the demographic and medical characteristics, the preoperative AF classification (an interventional classification of either paroxysmal or chronic [8] ), the EuroSCORE [9] , the operation characteristics, cardiovascular risk factors, cardiac rhythm, use of antiarrhythmic drugs and complications after surgery through a (electronic) medical chart review and consultation with the referring physicians.
The following major post-procedural complications were scored: haemodynamic instability (requiring an intra-aortic balloon pump), temporary renal failure (continuous veno-venous haemofiltration), respiratory failure (reintubation), re-exploration for persistent blood loss, reoperation cases during the same admission, sternal wound infection (requiring re-intervention), myocardial infarction (conform European Society of Cardiology guidelines), stroke (without full recovery) and a postoperative need for a permanent pacemaker.
The cardiac rhythm at follow-up was determined by the referring cardiologist based on electrocardiography (ECG) or 24-h Holter monitoring, and the rhythm was scored as a sinus rhythm (SR), AF/atrial flutter or a pacemaker rhythm. Our maze procedures were considered successful in the case of restoration of SR.
The quality of life in the survivors was cross-sectionally assessed between August 2009 and November 2010 using the SF-36 questionnaire [10] . The SF-36 is a short-form health survey with 36 questions. It is a commonly used and validated quality-of-life questionnaire. It yields an 8-scale profile of functional health and well-being scores. The patient scores were compared with those of the general Dutch population [11] .
Surgical procedure
Standard cardiopulmonary bypass was established through median sternotomy, performed mostly via bicaval cannulation, and cardiac arrest was obtained under aortic cross-clamping and repeated with antegrade and/or retrograde cold crystalloid cardioplegia. Of the 169 surgical ablation procedures, 163 were performed concomitantly with valve surgery, coronary artery bypass grafting (CABG) or both.
During the study period, the maze procedures were performed using a variety of patterns and devices with different energy sources, including radiofrequency (RF), cryothermy (CRT) and high-intensity focused ultrasound (HIFU) mainly based on the surgeon's discretion and actual market developments.
The ablation lines created were as follows: most of the incisions currently used in the Cox maze III procedure were replaced with RF or CRT lines, and the standard left atrial incision in Waterston's groove and an incision in the right atrium were performed when a bi-atrial maze was done by cut-and-sew. These incisions were used to enter the atrial cavities. During this period, some studies have shown that only left atrial ablation has results similar to those of bi-atrial ablation [6, 12] . For this reason, during the course of this study, right atrial ablation was no longer an integral part of the maze procedure. The HIFU device was developed to only ablate the left atrium, and it was used on the beating heart.
Postoperative treatment of atrial fibrillation AF in the first few postoperative days was treated through the correction of electrolyte disturbances, the correction of the intravascular fluid status and the exclusion of significant pericardial effusion. Pharmacological treatment with a Class II antiarrhythmic drug (metoprolol), Class III antiarrhythmic drugs (amiodarone/ sotalol) or digoxin was started based on the patient characteristics, the clinical presentation and the prior pharmacological treatment of the patient. If these interventions did not result in SR, an electrocardioversion was performed. The referring cardiologists for patients discharged with AF were advised to consider an electrocardioversion approximately 6 weeks after the procedure.
Statistical analysis
Continuous data are presented as the mean ± standard deviation if normally distributed and as the median ± inter-quartile range (IQR) if skewed (Kolmogorov-Smirnov test). Categorical data are presented as numbers and proportions. Differences between the demographic and surgical characteristics of the patients with SR and AF were evaluated by the χ 2 test for categorical data and by the Student's t-test for continuous data if normally distributed. The Mann-Whitney U-test was used if the continuous data were skewed. To test the different energy sources, a one-way analysis of variance was used.
The efficacy of the surgical procedure as measured by AF recurrence was assessed with a repeated-measurement analysis using generalized mixed effects models [13] . We relaxed the common linearity assumption for the effect of time on the probability of AF using natural cubic splines with two internal knots ( placed at the corresponding percentiles of the observed followup times) in both the fixed-effects and the random-effects parts of the model (i.e. time is allowed to possibly have a non-linear association with the probability for AF) [14] . In addition, we also controlled for differences in the probability of AF at baseline for age, gender, the type of AF, the energy source and a history of mitral valve surgery. The models were fitted using the adaptive Gauss-Hermite rule with four quadrature points [13] .
The results of the SF-36 questionnaire were compared with the population norms by the Wilcoxon rank-sum test with Bonferroni correction. This latter correction indicates that the allowable significance level for each SF-36 subscale was P < 0.00625 (0.05/8 subscales).
The data were registered in a dedicated database. The statistical analysis was conducted using SPSS 17 and R version 2.13.1 (8 July 2011) with the package lme4. The significance level was set to 5%.
RESULTS

Preoperative data
From March 2001 until February 2009, 169 patients who underwent a modified maze procedure were included. The patient characteristics are outlined in Table 1 . Table 2 displays the operation characteristics. Of the 169 modified maze procedures, 96 were performed with RF ablation, 20 ablations were conducted with CRT and 52 patients were treated with HIFU. In one lone AF patient, a classic Cox maze was performed. RF ablation was mainly performed before 2007, and HIFU was performed from 2007 onwards. Bi-atrial ablation was performed in 88 patients with RF ablations and in 7 patients with CRT ablation.
Operative data
Early mortality and morbidity
Early mortality (<30 days) occurred in 8 (4.7%) patients. Four of the early deaths occurred during surgery (Table 3) . The other 4 cases of early postoperative mortality were caused by massive cerebral infarction in 1 patient and multiple organ failure in 3 other patients.
There was one device-related complication; this maze procedure was aborted due to bleeding while fitting the HIFU device. Overall complications were seen in 30 patients (18.2%) who experienced one or more complications, and these are outlined in Table 4 .
Late survival
During a median follow-up of 45.6 months (IQR 37.5), another 20 patients died. The cause of mortality during the follow-up was cardiac in 9 patients, non-cardiac in 6 and unknown in 5. Of the 9 patients with cardiac death, 1 died of multiorgan failure after cardiac arrest, 2 of cardiogenic shock, 3 of cardiac arrhythmia and 1 of heart failure. There was 1 case of aortic rupture and 1 of aortic valve prosthetic endocarditis. Of the 6 patients who died of non-cardiac causes, 2 died of pneumonia, 1 of 
Postoperative atrial fibrillation
The repeated-measurement analysis is based on 162 patients with a total of 1934 postoperative rhythm registrations. Of the 162 patients, there were 131 who had one or more abnormal rhythm registrations. Holter monitoring was performed for 24 h in 44 patients with SR on ECG who had complaints of palpitations. This revealed periods of AF/atrial flutter in 21 patients. Postoperatively, 23 patients (14%) did not show SR in a rhythm registrations made. The total number of registrations for different periods of time postoperatively is shown in Fig. 1 . Postoperatively, 76 patients (48%) were discharged with SR. During follow-up, 39% of the patients were registered as having AF at 6 months after the procedure, 47% had AF at 1 year and 46% had AF at 2 years. Figure 2 depicts the fitted probability for AF over time in a virtual patient, showing that the probability of AF after the procedure varies with time, remaining quite low in the first two postoperative years and increasing gradually thereafter. The test for non-linearity revealed that the patient-specific profiles for the log odds of failure to restore SR after the procedure are indeed non-linear in time (likelihood ratio test = 289.9, df = 9, P-value <0.0001) [14] . The significant effect of time suggests that the patient-specific profiles for the probability of AF were not constant in time. Table 5 presents the estimated relative risks under the full model. We observe that decreased left ventricular functioning, time and age are the most important predictors.
Quality of life
The quality of life was assessed in 99 patients, on average 41.1 ± 26 months (median 45.6, IQR 37.5) after surgery. The patients were divided into four age categories: age 16-40 years (n = 6), 40-60 years (n = 15), 60-70 years (n = 34) and age >70 (n = 44). The quality of life was divided into eight subscales: physical function, role physical, bodily pain, general health, vitality, social function, role emotional and mental health. In none of the age categories and subscales, was there a significant difference between the patients who underwent the maze procedure and the general population. 
DISCUSSION
Our study showed that the probability of AF after the maze procedure varies with time, remaining quite low during the first postoperative years and increasing gradually thereafter. Decreased left ventricular function, age and increased preoperative creatinine levels were associated with a decreased probability of sustained SR. While the 30-day mortality in our study population was relatively high, it can be explained by preoperative characteristics and by the complexity of the cardiac procedures. The probability of sustained SR depends on the time of measurement. During the immediate postoperative period, many patients experience a period of arrhythmia. Often, these arrhythmias terminate after a few weeks due to scar formation and atrial remodelling after the procedure. Early arrhythmias might be prevented by continuous bi-atrial pacing and could result in shortened hospital stays and decreased hospital costs [15] . The effects of continuous pacing on late recurrence of AF, however, are still unknown.
After several years, the probability of AF appears to increase, which is consistent with previous research [16] . This can be explained by continuous dilatation of the atria after the procedure. Through this mechanism, the ablation lines can become too far apart and macro-re-entry can develop. However, the maze procedure reduces the atrial size, particularly in patients whose mitral valve function was restored during surgery [17] .
Another explanation for late AF recurrence is the on-going deterioration of atrial tissue associated with ageing and the possibility of atrial remodelling at the time of the maze procedure. The various forms of adverse atrial remodelling are known to cause AF: anatomical, electrical, molecular and histological, resulting in macro-re-entry, which is the substrate for AF. These alterations or remodelling can, for example, be caused by congestive heart failure and arrhythmias and might be not fully reversible [18] .
Older age is a risk factor for AF. We confirm the findings from previous research that it is also a risk factor for the recurrence of AF after the procedure [19] . Age might also be a marker for the duration of the AF preoperatively, which has been previously associated with an increased risk of failure [16] . In addition, repeated episodes of AF result in chronic atrial stress, which leads to atrial fibroses [20] . Furthermore, atrial interstitial fibrosis has been observed with ageing and might create the substrate for AF [21] . This might be a reason for the reduced possibility for reverse remodelling and, therefore, an increase in AF after the procedure in older patients.
In our experience, higher preoperative creatinine levels lower the probability of sustained SR. Reduced kidney functioning is a known risk factor for AF [22] . This is expected because patients with kidney dysfunction are more likely to have hypertension and diabetes mellitus, which are known risk factors for AF. However, these factors were not predictive in our model. An upregulated renin-angiotensin-aldosterone system has also been associated with the increased occurrence of atrial interstitial fibrosis. Therefore, an angio converting enzyme (ACE) inhibitor could help to prevent interstitial fibrosis and thereby the recurrence of AF. Furthermore, ACE inhibitors are known to reduce left atrial size and new onset AF [23] .
Our results show that the procedure might be less effective in patients with decreased left ventricular function, and many surgeons are reluctant to perform this procedure in patients with a low ejection fraction because of possibly increased risks. However, previous research has shown that the procedure in well-selected patients can be safely performed [24] . In addition, patients with low ejection fraction, in particular, could benefit from the improved ejection fraction after the restoration of SR or reduction of the AF burden, which may contribute to improved long-term outcomes, including mortality.
The maze procedure is often performed late in the course of AF and/or valvular disease, as shown in our experience. The duration of AF is probably not only an indicator of the degree of atrial tissue disease, but also reflects the decreased chances of the restoration of SR [18] . In patients with long-standing AF who have undergone the maze procedure, the late recurrence of AF is expected because of the significant amount of diseased atrial tissue, which is more susceptible to arrhythmia, and the procedure fails to lead to a total reversal of the remodelling process. Therefore, the late recurrence of AF might be reduced by earlier surgical intervention.
The rate of early mortality in our study population was relatively high. This can be explained by the preoperative characteristics and by the complexity of the cardiac procedures. The estimated early mortality risk calculated with the EuroSCORE was comparable with our results. A previous study [16] also showed an in-hospital mortality rate similar to our results. It is unlikely that this mortality is related to the maze procedure. Moreover, in combined procedures, the modified maze procedures are a relatively simple adjunct to the procedure.
Health-related quality of life is severely impaired among patients with AF, which has been demonstrated in several previous studies. Because AF is often a concomitant issue in a complex cardiac disease, it is not easy to attribute (loss of ) quality of life directly to AF. In this study, we found that patients who have undergone a maze procedure have a health status similar to that of the general Dutch population. As we did not have a baseline measurement for the quality of life, we cannot show an improvement in the quality of life, if any, as has been shown in previous studies [25] .
The current study has several limitations that should be considered. This is a small retrospective cohort, single-centre study and, therefore, it has shortcomings such as incomplete data, changes in the ablation modalities and differences in the lesion sets over time. Likewise, the heterogeneity of the background diseases in our population could also have influenced the results of the reoccurrence of AF. Subgroup analyses of the different lesion sets, ablation devices and the type of AF were, because of the small numbers, not meaningful. Furthermore, the outcomes of procedures for the ablation of AF are influenced by the thoroughness of follow-up and the method of assessment of cardiac rhythm. The electrocardiogram is a 'snap-shot' in time and has limited ability to detect those patients who may have transient atrial arrhythmias in the follow-up period. A better method would be 1 or 7 days of Holter monitoring, but for routine follow-up, this is not widely used. The strength of our study is the repeated-measurement analysis. In this way, we tried to solve the 'snap-shot' effect. The quality-of-life assessment was, of course, only completed by the survivors. Further validation of the SF-36 questionnaire in postoperative concomitant maze patients has to be confirmed.
In conclusion, in our clinical experience, the modified maze procedure is a relatively safe treatment, and in combined procedures, it is a relatively simple adjunct to the operation. The quality of life after the procedure is comparable with that of the general Dutch population. The efficacy of our maze procedure varied over time, but it eliminated AF in the majority of patients. Decreased left ventricular function, older age and higher preoperative creatinine levels were associated with an increased risk of the recurrence of AF. Early surgical intervention may increase the success rate of the restoration of SR after the modified maze procedure. I read with great interest the paper by Bakker et al [1] . The Cox-maze III procedure achieved high curative rates and has become the surgical gold standard for the treatment of atrial fibrillation (AF). There are multiple risk factors for recurrent AF after a Cox-maze procedure: age, ejection fraction, duration of preoperative AF, surgical techniques, mitral valve disease, and left atrial size. The authors reported risk factors of recurrent AF but did not mention left atrial size. Duration of preoperative AF, age and ejection fraction were identified as risk factors for recurrent AF in several studies [1] [2] [3] , but this is not all [4] .
To our knowledge, there have been no studies denouncing the effect of left atrial size on the recurrence of AF. Increasing left atrial size was a significant risk factor for failure after a Cox-maze procedure [3, 4] . Romano et al. [5] have demonstrated that combining atrial reduction plasty for a left atrial size >60 mm with a Cox-maze III procedure resulted in 89% of patients being in sinus rhythm at a mean followup of 19 months. Damiano et al. [4] suggest performing a more aggressive left atrial reduction or a more extensive ablation lesion set in patient with left atria ≤70 mm. We believe that in groups of patients with large left atria, the risk of recurence of AF should be strongly considered, and in this group, the value of concomitant atrial fibrillation ablation remains unclear. Surgeons must be careful for not increase the operative risk by adding a concomitant procedure of AF ablation.
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